. >
A. Alastuey CSIC Barcelona
R. Clark PSI

Supercomputing EXCELENCIA
B. Ehimann CALTECH

SEVERO

Center
Centro Nacional de Supercomputacion B e

V. Etyemezian DRI

M. Gongalves BSC

AlGonzalez BSC/CSIC FRontiers in dust minerAloGical

C. Gonzdlez-Flérez BSC coMposition and its Effects upoN
R. Green JPL

R. Greenberger CALTECH CIimaTe (FRAG M ENT)
O. Jorba BSC

K. Kandler TUDA : =
M. Klose BSC Carlos Pérez Garcia-Pando

R. Miller NASA GISS
V. Obiso BSC

Barcelona Supercomputing Center (BSC)

A. Panta TUDA
CSIC

I S —
- _\: Acknowled eme

AXA

Research Fund

| ! ‘ t)s=
“Yves Balkanskl\Pa ‘Formenti
09 04 2019 EGU General Assembly 2019, Vienna

-




FRAGMENT

Image credit: NASA

Soil dust is the dominant particle by mass and a key component of the Earth System |
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Constrain the global dust mineralogical composition
Understand and calculate its effects upon climate
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Challenges addressed

FRAGMENTation of aggregates

Role of mineralogy
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Space-borne spectroscopy
+

Airborne spectroscopy
+

Field campaign
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Proposed theory
+
Field campaigns
+
Laboratory analyses
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State-of-the-art
+

New methodologies




Mapping of soil-surface I
mineralogy

Claquin et al., 1999; Journet et al., 2014
Currently 12 key minerals estimated

700 soil descriptions sampling 55 % of FAO
soil units

. ) ) . FAO soil types or units
Many regions including prolific sources not Locations

sampled "

60—

Massive extrapolation based on soil unit/type

30

Latitude

A number of assumptions to overcome the
lack of data: for example on hematite and
goethite size

o}
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Soil analysis based on wet sedimentation
(“wet sieving”), which breaks the aggregates
found in undispersed soils subject to wind
erosion.

Sieves for mechanical analysis  Soil Hydrometer apparatus
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Space borne hyperspectral ---
Imaging spectroscopy

VSWIR Spectra of Dust Source Minerals

Montmorillonite (Na,Ca)0.33(Al,Mg)2Si4010(OH)2*nH20 —Kaolinite Al4[Si4O10[(OH)8

——Gypsum CaS04.2H20 Goethite FeO.OH
——Calcite CaCO3 ~——Dolomite CaMg(C03)2
—— Hematite Fe203 ——lllite (K,H30)(Al,Mg,Fe)2(Si, A)4010[(OH)2,(H20)]

—— Chlorite (Mg,Fe)3(Si,A4010(OH)2-(Mg,Fe)3(OH)6 ——Vermiculite (Mg,Fe+2,Al)3(Al,S)}4010(OH)2*4H20
1

Reflectance
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Wavelength (nm)
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Space borne hyperspectral ---

imaging spectroscopy

VSWIR Spectra of Dust Source Minerals Hyperion: satellite hyperspectral sensor 0.4 to 2.5
um, 242 spectral bands, 10nm spectral

—— Montmorillonite (Na,Ca)0.33(Al,Mg)2Si4010(OH)2*nH20 —Kaolinite Al4[Si4O10[(OH)8

—Calcite CaCO3

——Hematite Fe203

—— Chlorite (Mg,Fe)3(Si,Al)4010(0H)2-(Mg,Fe)3(OH)6
1

—crneios o caigoons resolution, 30 m spatial with a SNR of ~50:1

——lllite (K,H30)(Al,Mg,Fe)2(Si,AJ4010[(OH)2,(H20)]
——Vermiculite (Mg,Fe+2,Al)3(AL,Si)4010(0H)2*4H20

Reflectance

400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)

Barcelona
Supomompuﬂny

Cenxro Nacional de Suparcampulacion

@



Space borne hyperspectral ---

imaging spectroscopy

VSWIR Spectra of Dust Source Minerals Hyperion: satellite hyperspectral sensor 0.4 to 2.5
_Montmorillonite(Na,Ca)0.33(AI,Mg)25i4010(OH)Z"nHZO —Kaolinite AI4[S4O10[(OH)8 uml 242 SpeCtral bandsl 10nm SpeCtral
—oakte Gac03 ~— DolomeGatigco32 resolution, 30 m spatial with a SNR of ~50:1

——lllite (K,H30)(Al,Mg,Fe)2(Si,AJ4010[(OH)2,(H20)]

——Hematite Fe203
——Vermiculite (Mg,Fe+2,Al)3(Al,Si)4010(OH)2*4H20

—— Chlorite (Mg,Fe)3(Si,Al)4010(OH)2-(Mg,Fe)3(OH)6
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Wavelength (nm)

AVIRIS airborne scenes

0.4-2.5 um, 224 bands, 10 nm spectral
resolution, SNR of ~500:1




Space borne hyperspectral ---

Imaging spectroscopy

Hyperion: satellite hyperspectral sensor 0.4 to 2.5
um, 242 spectral bands, 10nm spectral
resolution, 30 m spatial with a SNR of ~50:1

VSWIR Spectra of Dust Source Minerals

Montmorillonite (Na,Ca)0.33(Al,Mg)2Si4010(0H)2*nH20 ——Kaolinite Al4[Si4010[(OH)8
——Gypsum CaS04.2H20 Goethite FeO.OH
——Calcite CaCO3 ~——Dolomite CaMg(C03)2

——lllite (K,H30)(Al,Mg,Fe)2(Si,AJ4010[(OH)2,(H20)]

——Hematite Fe203
——Vermiculite (Mg,Fe+2,Al)3(Al,Si)4010(OH)2*4H20

—— Chlorite (Mg,Fe)3(Si,Al)4010(OH)2-(Mg,Fe)3(OH)6
1

Reflectance

400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)

AVIRIS airborne scenes

0.4-2.5 um, 224 bands, 10 nm spectral
resolution, SNR of ~500:1
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Emission of dust minerals

Emitted PSD of dust minerals is key to quantifying their climate effect

* Incomplete understanding of the physics

* Paucity and incompleteness of
measurements

* Lack of (realiable) input data at global scale
(e.g. soil PSDs)

* Lack of experimental studies tackling the
relationship of the emitted PSD and soil-
surface mineralogy

* Internal and external mixtures of different
minerals important for climate impacts
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(c) Aggregate Disintegration ’

Dust emission mechanisms (Shao et al. 2008)



Emitted PSDand NN

mineralogy in models

Brittle Fragmentation Theory auspicious for mineralogy as it is based on
the soil dispersed PSD

Q‘ (e} 'Gllls'ma;(u' ('19'72')[ ' ' . ? ] 0.75 - Disturbed soil PSD
£ 15 g g:m 01(;4(‘97:)1 E
) | o e ,CQ’Q?- = Emitted dust PSD
>° | e o A %T % %5 z] = Soil clay in emitted
3.' O Sow etal (2000 '9/' 2 & '-?' RS 0.50 - " silt—sized dust
g 0.1 E . ano:agn(\anm:on %’ '\:5 % '
= theary (Kok, 2011b) - by ©
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3 o pd v
2 o3 §2 : 2
E 1637 ° (a) 5
0.2 1 10 20 O'000.2 2.0 20.0
Dust aerosol diameter, D, (um) D(pum)
Kok (2011) ; Scanza et al. (2015)
dv. D u(D) exp D Perlwitz et al., 2015 (a,b)
dinD Cy A Pérez Garcia-Pando et al., (2016)
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Emitted PSDand NN

mineralogy in models

Brittle Fragmentation Theory auspicious for mineralogy as it is based on
the soil dispersed PSD

3‘ ; g'g::':é::; {:g‘;é;l R 0.75 = Disturbed soil PSD
= | A Giletts (1974), 201 1 i E
2 | * Gilletts (1974), s0t 2 X R Q%' ] = Emitted dust PSD
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0.2 1 10 20 0.2 2.0 20.0

Dust aerosol diameter, D, (um) D(um)
Kok (2011) ; Scanza et al. (2015)
v D w(D)exp | — D Perlwitz et al., 2015 (a,b)
dinD Cy A Pérez Garcia-Pando et al., (2016)
PRESS HERE for preliminary results and hypothese
(( St (Pérez Garcia-Pando et al., in prep)
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Field Campaigns:
Where, Why and When?
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Field Campaigns: NI
Where, Why and When?

Aragon, Spain 2019 - testing Morocco 2019 and 2021
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Field Campaigns: NN

Where, Why and When?

Aragon, Spain 2019 - testing Morocco 2019 and 2021
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Field Campaigns: NN

Where, Why and When?

Aragdn, Spain 2019 - te Morocco 2019 and 2021
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Field Campaigns: What:

( J— ——) Atmospheric forcing
e 2D wind and temp profiles, 3D wind, turbulence, pressure
— < .+ Radiative fluxes
J ; * Soil-surface humidity
I — * RH close to the ground
T — “ * Precipitation
\_ — J
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Field Campaigns: Wha

R
Atmospheric forcing

2D wind and temp profiles, 3D wind, turbulence, pressure
Radiative fluxes

Soil-surface humidity

RH close to the ground

Precipitation

L

—0
LL1

Sand and Dust
% H * Time- and size-resolved vertical number and mass fluxes
* Size-segregated samples of suspended dust (compositional fluxes)
Saltation flux (time/size resolved and bulk) — active and passive
C * Absorption and scattering
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Field Campaigns: What

L >

Atmospheric forcing

2D wind and temp profiles, 3D wind, turbulence, pressure
Radiative fluxes

Soil-surface humidity

RH close to the ground

Precipitation

Sand and Dust

* Time- and size-resolved vertical number and mass fluxes

* Size-segregated samples of suspended dust (compositional fluxes)
* Saltation flux (time/size resolved and bulk) — active and passive

* Absorption and scattering

Soil sampling, surface spectroscopy and lab analyses

8l de Suparcampulacion

Soil-surface sampling
Surface composition (based on reflectance spectra + tetracorder)
Dry soil aggregate stability, crust strength

PSD in wet and dry dispersion of soil and saltation samples

Size-resolved mineralogy, chemistry, morphology and mixing state of sail,
saltation and dust samples (XRD, TEM, BSED,..)

Composition of soil and aeolian samples and sub samples based on
spectroscopy



Dominant
wind direction

-
N e n e =

Barcelona
Supercomputing
Center

Centro N

ro Nacional de Suparcampulacion

Tentative schematic [

of the field setup

10m tower: 5 2D sonic anemometers, 4 temp sensors
with aspirated shield, 1 RH/T sensor, P sensor, 2 3D sonic
anemometers, Optical counter

2 Optical countersat2mand4 m
2 Multistage Cascade impactors
Polar nephelometer and aethalometer

Common inlet

-
-

2 Optical counters at two heights

\5\0@
o & X X @

3 Saltation sensors, 2 or 3 heights each

~ : . -
-~ -
‘—-h.-‘——_

5 MWAC masts (2m, 5 heights: 0.1, 0.2, 0.5, 1, 2m)

Radiometer and pluviometer

8 >

/ . .
/ Soil-surface moisture sensors

- Additional instrumentation
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Brittle fragmentation theory

Kok (2011, PNAS)

Disturbed soil PSD

=== Fmijtted dust PSD

0.50 -

Soil clay in emitted
silt—sized dust

0.00
0.2

Measurements suggest emitted size
distribution is approximately invariant
< 15-20 um

3
v D D
ip = e (%)

The net effect of aggregation and
fragmentation is to increase the silt-
sized fraction at the expense of clay




Simulations

Soil composition:
Claquin et al. (1999)

NASA GISS/ModelE

2 x 2.5 deg, 40 layers

4 experiments

Period 2002-2010, winds nudged to
reanalysis

Evaluation based on a new compilation of
observations from 60 studies available in
Perlwitz et al. (2015, ACP)

90°S
180°W 120°W 60°W 0° 60°E 120°E 180°E



Experiments [ HIEB

SMF
Emitted as wet sieved soil Realistic dust size distribution - AMF
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SMF

Emitted as wet
sieved soil

Realistic dust size
distribution

No mineral
reaggregation

AMF

Soil reaggregation
and fragmentation

Size Group

Bulk = <5 um

1.00 = nRMSE = 41%%
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Fitting Soil Mineral 14 ][] J]

Size Distributions

Soil

10 u PHYLLOSILICATES
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Fitting soil mineral
size distributions
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Soil reaggregation
and fragmentation

Fitting soil mineral
size distributions

Size Group
Bulk = <35 um

lllite+Smectite Quartz
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